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A feature of much interest in the observation of cases of pernicious
anemia is the behavior of the reticulated cells. In six cases of pernicious
anemia, four of them treated by transfusion, which are here reported,
this element of the blood-picture was studied with special care, and from
these as well as from earlier cases of transfusion done in St. Luke's
Hospital, certain conclusions are drawn in regard to the value of vital
staining in cases of severe anemia, and concerning the subject of trans¬
fusion in general.

Ever since the discovery of the fact that by treating fresh, unfixed
blood with solutions of various dyes, such as brilliant cresyl blue, poly¬
chrome méthylène blue, neutral red, pyronin méthylène green, etc., a

curious and otherwise invisible structure could be demonstrated in the
red cells, there has been much speculation as to its significance. Ehrlich,
Pappenheim and Horsley were among the first to describe the phenom¬
enon, but nearly all the subsequent studies have come from French and
Italian laboratories (Hertz,1 Ferrata and Boselli2). In suitably treated
preparations this so-called granulo-filamentous or reticulo-filamentous
substance appears in the form of coarse granular particles which are
sometimes discrete, but more often occur in threads which frequently are

woven into skeins or wreaths of great complexity and fill a considerable
portion of the cells. In the blood of infants these reticulations are found
in from 5 to 10 per cent, of the erythrocytes and in normal adult blood
in from 0.5 to 2 per cent. In severe anemias, however, their number is
much increased, running as high as 18 to 20 per cent., while in hemo¬
lytic jaundice, which is the condition par excellence for their prevalence,
they may occur in still greater proportions.

Without taking the space at this time to enter into a discussion of
the arguments pro and con of the various writers who have studied the
matter, we may summarize briefly the views to which our own observa¬
tions and a consideration of the literature have led us, by saying that
the granulo-filamentous substance is not derived from the nucleus, is

* Submitted for publication July 21, 1913.
* From the Pathological Department of St. Luke's Hospital, New York, Dr.

F. C. Wood, Director.
1. Hertz: Folia haematol., Arch., 1910, x, 419.
2. Ferrata and Boselli: Folia haematol., Arch., 1910, x, 451.
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708 THE ARCHIVES OF INTERNAL MEDICINE

different from polychromatophilia and from the basophilic stippling seen

in fixed preparations stained with panchromatic dyes, is not a preformed
structure, but is a precipitation product of the stain, and is an evidence
of youth in the cells and not of degeneration. In conditions in which a

severe drain on the erythrocytes is being sustained by a well-function¬
ating bone-marrow, large numbers of reticulated cells are found, whereas
in aplastic cases they may be diminished almost to the point of absence,
that is, in a manner somewhat comparable to the behavior of the erythro-
blasts the reticulated cells afford a direct insight into the hematopoietic
activities of the bone-marrow. For clinical purposes they form a more

convenient measure of this function than do the nucleated cells, as their
percentage relations to the erythrocytes can be more easily and accurately
determined, and their enumeration is to be urged as a part of the study
of the blood in all cases of severe anemia. The relationship between
the presence of the reticulated cells in the peripheral blood and the
hemopoietic activity of the marrow was well illustrated in the case of a

young man suffering from purpura hemorrhagica seen since the above
was written. In spite of three transfusions of about 700 c.c, each done
by direct intravenous injection, the red cells rapidly became reduced to
1,500,000, hemoglobin 25 per cent., while the leukocytes were 2,800,
polynuclears 12 per cent, and lymphocytes 88 per cent., death resulting
within two weeks of the onset of the symptoms. A highly significant
feature was the total absence of reticulated cells, showing the complete
inability of the bone-marrow to respond to stimulation.

The following technic for vital staining may be used :

TECHNIC FOR VITAL STAINING
Saturate 0.85 per cent, salt solution with brilliant cresyl blue. Filter this

through a double paper to take out the excess of dye substance and to prevent
precipitation on the slide. It is better to centrifugalize the stain before using it,
in order to be sure that no undissolved particles remain in suspension. If any
precipitate is present in the stain it will later be thrown down on centrifugalizing
the mixed blood and stain and will cause confusion in counting the reticulated
cells.

The following should be freshly prepared before use:

Sn turateci solution of brilliant cresyl blue in 0.S5 per cent, salt
solution.

Salt solution. 0.85 per cent.ââ 5 c.c.
.Sodium oxalate solution, 2 per cent. 2 c.c.
Add the oxalate to the salt solution, then mix with the stain and

filter.
Puncture the finger so as to get a free flow of blood, draw a good-sized drop

into a red cell counting pipet, and using the stain as a diluent fill the diluting
chamber. After thorough mixing, allow this to stand for ten minutes, then blow
the contents of the mixing-chamber into a centrifuge tube and centrifugalize.
Draw off the staining fluid with a capillary pipet, until only the sediment of cells
remains. Draw the cells from the bottom of the centrifuge tube into a capillary
pipet, then place a drop of these cells on the end of a clean slide which has been
slightly warmed in a flame, and spread as in making ordinary blood-smears. The
preparation will remain permanent indefinitely if mounted in neutral balsam or
damar and not exposed to strong daylight.
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In counting the cells the use of an Ehrlich eyepiece is of great assistance. A
satisfactory substitute may be improvised, however, by cutting a hole about 8 mm.

square in a disk of blackened cardboard and dropping this disk over the diaphragm
of the ordinary eyepiece.

In the following cases of pernicious anemia, systematic determinations
of the reticulated cells were made in connection with the study of the
blood-picture by the usual methods, and as will be seen from the charts
and the remarks in the clinical histories, an interesting relationship can

be derived between the fluctuations of the red blood-cells and the curve

of the reticulated cells.
The detailed histories of the cases are as follows :

REPORT OF CASES

Case 1.—History.—M. M., a school teacher, aged 45 was admitted to the serv¬
ice of Dr. H. S. Patterson, Nov. 11, 1912. The chief complaints of the patient on
admission were a feeling of weakness, dyspnea, palpitation of the heart and vom¬

iting. About Jan. 1, 1912, she first noticed a feeling of languor and loss of appe¬
tite. In a short time the color of her skin and eyes alarmed her and she consulted
a physician who treated her for "jaundice and weak kidneys." She was put to bed
in February and remained there until April. For about a month she felt well and
strong. In May she had palpitation of the heart on the least excitement and
suffered from attacks of vertigo and morning headaches. Occasionally she had
morning vomiting. From June to September she suffered from irregular short
periods of colitis. She had been in bed for three months prior to admission, the
most prominent symptoms being weakness, vomiting and anorexia.

Examination.—The patient is poorly nourished and acutely ill. Her complex¬
ion is pale and of a lemon-yellow tint. The sclerae have an icteroid tinge. The
teeth and mouth are in good condition. The lungs are clear, the heart is of nor¬
mal outline, the sounds are of good quality and are regular. There is a booming
systolic murmur all over the precordium, which is loudest at the apex. There is
no accentuation of the pulmonie or aortic sounds. The knee-jerks are absent.
The blood-picture on admission shows red blood-cells 1,160,000; hemoglobin, 22
per cent,; white blood-cells, 5,000; polymorphonuclear leukocytes, 75 per cent.;
lymphocytes, 25 per cent. The erythrocytes show marked poikilocytosis, anisocy-
tosis, polyehromatophilia and an occasional normoblast, but no megaloblasts. The
reticulated erythrocytes are only 0.5 per cent, of the total, showing that no
active regeneration is going on. The Wassermann reaction is negative. The
analysis of the stomach contents after a test-meal shows absence of free hydro¬
chloric acid and a very low total acidity.

For two weeks the patient continued to grow worse, and the cell-count fell
rapidly.

Treatment and Course.—December 5 her condition was so precarious that
an immediate transfusion was decided on. A count made a few hours prior to
the transfusion showed that the reticulated erythrocytes had risen to 8.2 per
cent., and that there was an attempt on the part of the bone-marrow to produce
new cells. The majority of the reticulated cells were macrocytes. The patient
received only a small amount of blood at the time of transfusion, as the accom¬

panying counts show. After remaining for from four to five days in a semi-
comatose condition, she began to improve rapidly. About a week after the trans¬
fusion sodium cacodylate grains % daily subcutaneously was started. The rapid
improvement which followed the transfusion seems to imply that the stimulating
influence of the presence of the donor's blood was sufficient to arouse the patient's
marrow into renewed activity. It also suggests that since with the small amount
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of blood given in this case a favorable result was obtained, transfusion of a large
amount of blood is by no means always necessary. The patient has improved
steadily up to date. Although the blood-picture has returned practically to normal,
the gastric achylia is still as pronounced as at first. It was subsequently learned
that about six weeks after leaving the hospital this patient underwent a relapse.
She was transfused twice more, but with little benefit, and early in July she died.
A very interesting point is the sharp rise in the percentage of the reticulated cells
preceding the rise in the erythrocyte count and the gradual fall of the percentage
of the same cells as the total erythrocyte count became higher. As seen by Chart 1,
the reticulated cells gradually fall to the percentage found in normal blood as the
total count approaches its maximum.

Chart 1.—Blood-findings in Case 1. In this and the following charts the solid
line indicates the number of total erythocytes, and the dotted line the percentage
of reticulated cells.

Case 2.—History.—M. L., a housewife aged 52, was admitted to the service of
Dr. S. W. Lambert, Dec. 12, 1912. Up to the time of the onset of the present
illness the patient says she has been in perfect health. In February, 1912, after a

short period of failing appetite, her attention was attracted to the sallowness of the
skin and the yellowish tinge of her eyes. During the weeks following a general
sense of lassitude developed, and with it attacks of vomiting, at irregular inter¬
vals. During the last six months she had noticed that the vomiting is less when
she is quiet in bed than when up and about her work. In April she was in bed
for one month for "nervous prostration." Subsequent to the rest she was able to
resume her household duties with little physical discomfort besides shortness of
breath and occasionaly numbness of the hands and feet. Six weeks before admis-
siou her weakness forced her to give up all work and go to bed. She has lost 37
pounds during the last year. The patient comes into the hospital "without a pain
or an ache, but feeling miserably weak."

Examination.—The patient is pale, appears jaundiced and looks chronically
ill. Her sclerae are distinctly yellow, and her left pupil is larger than the right.
Her speech is slow and drawling. The teeth are in poor condition, with many
missing The lungs are clear. The heart is normal in size, but shows a faint
systolic murmur, which can be heard all over the precordium, loudest at the apex
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and pulmonic areas, and transmitted to the back and axilla. The analysis of the
fasting stomach contents and also that of the test-meal shows achylia. The
Wassermann reaction is doubtfully negative. The blood-picture is one of typical
pernicious anemia. The morphology of the red cells shows poikilocytosis, anisocy-
tosis, polychromatophilia and an occasional megaloblast and normoblast. The
color index is 1.3.

Treatment and Course.—The patient could not be induced to take
sufficient nourishment, declined steadily, and December 26 was transfused.
The transfusion was very successful, both as regards the patient's imme¬
diate condition and the microscopical findings. The value of the microscope
as a control in the operating-room during transfusion was demonstrated in this
case. At the end of fifty minutes, when the surgeon was satisfied that the patient
had received a large amount of blood, a red-cell count and hemoglobin determina¬
tion showed that the amount received was almost negligible. A new anastomosis
was made and in forty minutes the patient received a quantity sufficient to raise
the total cell-count 1,000,000 per cubic centimeter. For a few days the patient
was appreciably brighter, but the improvement was not long continued. For a

month the total cell-count varied little. The vital staining of the erythrocytes
showed plainly the presence of the donor's cells in the smears, for from the first

Chart 2.—Blood-findings in Case 2.

these did not take the stain as well as those of the recipient. From day to day
they could be seen to have lost their hemoglobin to a greater and greater degree.
After about two weeks they existed as shadow outlines of the original cells. At the
end of three weeks a considerable number of these shadow cells were still present.
There was no active regeneration on the part of the patient's marrow as far as
could be determined by the blood-picture. The reticulated cells never reached
more than 3 per cent, of the total (Chart 2) and megaloblasts and normoblasts
were rarely seen. January 30 a second transfusion was done. While this time
only one-half as many cells were given, the patient seemed toxic from immediately
after the operation to the time of her death one week later.

Case 3.—History.—Dr. D., a Cuban physician aged 58, was admitted to the
service of Dr. A. W. Hollis. In 1898 the patient was "executed" shortly before
the beginning of the Spanish-American War. One bullet pierced the right shoulder
and another passed through the body just above the troehanters as he fell. He
was left for dead, but was later taken to the hospital in Havana, where he
received treatment. Since that time he has had occasional attacks of diarrhea.
During the last five years he has suffered from colitis, at irregular intervals and
for periods of five to ten days, but has never regarded these as serious. Two
years ago he was told that he had severe anemia. He was not incapacitated for
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work, but during the last few months has lost much strength and weight. For
the last two months the attacks of colitis have recurred with increasing fre¬
quency until the last two weeks, since when he has had from eight to ten stools a

day, accompanied by much tenesmus. He vomits frequently and has morning head¬
aches. His tendency to dyspnea and vertigo have necessitated his remaining in
bed for the last two weeks.

Examination.—The patient is poorly nourished and shows signs of emaciation.
The sclerae are yellow; the skin is pigmented. The mouth and teeth are in good
condition. The lungs are clear. The heart is not enlarged, the sounds are weak
and no murmurs are present. The abdomen shows general tenderness, especially
over the region of the colon. The Wassermann reaction is negative, as is the
blood-culture. The stomach contents show low free hydrochloric acid and low
total acidity. The stools examined on several occasions always give positive tests
for free blood. No parasites or ova are found.

Treatment and Course.—On admission the patient was acutely ill and much
emaciated from his colitis. The colitis could not be checked after about three
weeks' time; the weakness and vertigo were still·prominent symptoms and trans¬
fusion was decided on.

Charts 3, 4, 5 and 0.—Blood-findings in Cases 3, 4, 5 and 6.

An artery-to-vein anastomosis was made and the blood allowed to flow for
forty-five minutes. The total cell-count in the recipient was increased from
1,200,000 to 3,000,000 erythrocytes per cubic millimeter. The blood-picture
before the transfusion had shown extreme poikilocytosis, anisocytosis, poly-
chromatophilia and stippling of the erythrocytes. The immediate effect of the
transfusion was apparent in the subsidence of the patient's symptoms with the
exception of the colitis. This increased in severity for three or four days and then
was checked. Much improvement followed for a month, the patient keeping the
donor's cells and regenerating his own rapidly enough to keep the cell-count over

2,500,000. The "shadow cells" of the donor persisted for about three weeks in the
blood-picture. The reticulated erythrocytes never amounted to over 6 per cent, of
the, total count (Chart 3). March 5 the patient on his own initiative was given
salvarsan intravenously. The colitis at once again became severe, but in spite of
this there was temporarily sufficient improvement to permit the patient to leave
his bed. He insisted on a second dose of the salvarsan, but immediately after this
the cell-count dropped and death followed in five days.

Case 4.—History.—K. L., a German housewife, aged 46, admitted to the serv¬

ice of Dr. S. W. Lambert May 2, 1913. The patient complains of weakness and
hemorrhage on entering the hospital. Her family and past histories are nega-

Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/18/2015



KARL M. VOGEL—U. F. M'CURDY 713

tive. She dates the onset of her present illness from the time about two years
ago, when she suffered from "fever and chills" for several weeks. Since then she
thinks that she has been losing weight and has gradually become weaker. About
two months ago, at her regular menstrual period, the patient had a hemorrhage,
during which she thinks she lost a large amount of blood. One month ago she
discovered that she was unable to climb the stairs to her apartment because of
weakness, shortness of breath and palpitation of the heart. During the last two
weeks she has had three attacks of nosebleed. Six weeks ago the patient took
some medicine which upset her stomach, and she has vomited almost daily since.
She has numbness of the hands and feet. She is sure that she has lost 25 pounds
in weight in the last year.

Examination.—The patient is a poorly nourished woman of middle life, who
appears chronically ill. Her skin is of a deep lemon color and the mucous mem¬

branes are very pale. She is weak and prostrated. The sclerae have a slight
icteroid tint. The mouth is in poor condition, containing many carious teeth.
The tongue is moist and heavily coated. The lungs are clear. The heart is nor¬

mal in outline. The sounds at the apex are regular and of fair muscular quality.
The first sound is accompanied by a loud blowing systolic murmur, heard all over
the precordium and transmitted to the axilla. The pulse suggests the Corrigan
type. The patient's Wassermann is doubtfully positive and her blood-culture is
negative. No gastric analysis was made because of her inability to retain food.

Treatment and Course.—Although there was no apparent change in the blood-
picture during the first week of the patient's stay in the hospital, she grew rapidly
weaker because of the inability to retain food. Over two-thirds of the nutrient
enemata were expelled soon after they were given. May 10 she was transfused;
the total cell-count after transfusion was 900,000 per cubic millimeter more than
before. Before the transfusion the blood-picture had been one of active regenera¬
tion. The reticulated erythrocytes varied from 10 to 14 per cent. (Chart 4), and
together with the presence of many normoblasts and megaloblasts showed that the
bone-marrow was still actively functioning. The effects of the transfusion were

transient. The following day found her in a stuporous condition, from which she
did not.rally. On May 19 she went into delirium, which was followed by coma
and death in a few hours. As in the other cases the cells of the donor could after
two or three days be distinguished from those of the recipient, and they persisted
up to the time of the patient's death. In this instance the patient received what
may have been an overwhelmingly large dose of blood, and it is possible that a

smaller transfusion might have been more advantageous.
Case 5.—History.—Mrs. L. S., a Swiss housewife, aged 42, admitted to the

service of Dr. S. W. Lambert April 16, 1913. gives as her chief complaints general
weakness and epistaxis. Eight years ago she was in the hospital complaining of
a "goiter." After a few weeks in bed she was treated from the outpatient depart¬
ment of the hospital with "injections." She says that she then had "nervousness
and a fluttering heart." These symptoms gradually disappeared and she was well
until April, 1909. At that time she was treated in the hospital for pernicious
anemia and was discharged with the diagnosis: pernicious anemia, acute thy-
roidism, chronic endocarditis. She was in the wards again in May, 1910, and
April, 1911. Four weeks ago she was taken suddenly with a chill and fever. The
doctor told her that she had "grip." When she attempted the resumption of her
housework she found she did not have enough strength. Her face became puffy
and her feet began to swell. She has been out of bed but one day since, and
thinks that she has lost 12 pounds in the last month. The shortness of breath
and palpitation of the heart have been growing worse. She has had several
severe nose-bleeds in the last few days.

Examination.—The patient is a fairly nourished woman who appears chronic¬
ally ill. The skin has an icteroid tint, and the face is slightly edematous. The
sclerae are bluish-yellow. The teeth are carious and the mouth poorly kept. The
lungs are clear. The outline of the heart is normal. Typical signs of mitral
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Blood-Counts of Six Patients with Pernicious Anemia

2 O

Differential Count

P. L. Eo. Ba. M

Ì5*S
.2 <~

Fragility

Hemolysis

CO h a h
O OJ

a
H

11/11/12
11/18/12
11/25/12
12/ 2/12
12/ 4/12
12/ 5/12t

12/ 6/12
12/13/12
12/17/12
12/23/12
12/28/12
12/31/12
1/ 6/13
1/11/13
1/15/13
1/16/13
1/20/13
1/27/13
2/ 3/13
2/10/13
2/17/13
2/24/13
3/ 3/13
3/10/13
3/17/13
3/24/13
3/31/13
4/ 6/13
4/13/13

12/14/12
12/26/12t
12/27/12
12/30/12
1/ 1/13
1/ 3/13
1/ 6/13
1/ 8/13
1/10/13
1/13/13
1/20/13
1/24/13
l/30/13t

2/ 5/13
2/ 7/13

1,160.000
1,200,000
1,100,000

800,000
800,000
400,000
500,000
500,000
480,000

1,000,000
1,100,000
1,600,000
2,100,000
2,400,000
2,800.000
2,900,000
2,800,000
3.000,000
3,100.000
3,200,000
3,400,000
3,500,000
3,200,000
3,400,000
3,700,000
3,800,000
3,700,000
3,500,000
3,200,000
3,500,000
1,900,000

700,000
1,700,000
1,800,000
1,600,000
1,500,000
1,500,000
1,300,000
1,400,000
1,500.000
1,600,000
1,100,000

800.000
700,000

1,200,000
1,000,000

320,000

22
20
20
20
20
12
12
15
15
20
35
45
50
50
50
65
(¡5
65
07
67
70
70
72
75
77
77
80
77
75

50
25
45
40
32
30
35
35
35
35
32
22
20
IS
20
20
15

0.95
0.83
0.90
1.2
1.2
1.5
1.2
1.5
1.5
1.0
1.0
1.4
1.2
1.0
0.9
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.1
1.1
1.0
1.0
1.0
l.l
1.1

1.3
1.6
1.2
1.1
1.0
1.0
1.1
1.3
1.2
1.1
1.0
1.0
1.2
1.3
0.83
1.0
2.3

5,000
4,600
4,000
3,000

3,000
6,000
3,000
5,000

6,000

6,200

6,000
7,200
6,800
4,600

5,000

4,800
3,600

2,200
3,000
3,500

3,600

2,300

3,600
1,100

75
83
78
80

7 S
60
65

70

68

74

70

57
62

67

75
OS

5 S

76

72

33

42
31

25
16
20
19

20
40
33
18

29

31

25

28

43
37

31

23
32

40

23

28

64

57
07

0.5
1.0

3.0
8.2
6.0

7.0
8.2
8.0

18.0
21.0
20.0
11.0
8.0
4.0
3.0
4.0
2.5
3.0

L7

4.0

1.8

3.5
2.1

6.0
2.0
0.8
0.25
0.28

0.76

3.0
1.0
0.8
0.37
0.25
0.45
2.0
0.5
0.25

0.40

0.42

0.34 2' 20"
2' 15"

38 2' 26"

1'57"

* By the Dale and Laidlaw method,
f Transfusion. + Salvarsan.

(Jour. Path, and Bacteriol., 1912, xvi, 351.)
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Blood-Counts of Six Patients with Pernicious Anemia.— (Continued)

ü

Differential Count

P. L. Eo. Ba. M.
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Fragility

Hemolysis

So
  ¬
 )  ;
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 0J
UF4

5
 

 
U

1/14/13
1/20/13
1/27/13
2/ 3/13
2/ 4/13t
2/ 7/13
2/10/13
2/18/13
2/25/13
3/ 3/13
3/ 5/13$
3/11/13
3/19/13
3/24/13Í
3/29/13

4/ 2/13
4/ 6/13
4/ 8/13
4/10/13t
4/13/13
4/15/13
4/19/13

4/17/13
4/19/13
4/21/13
4/24/13
5/ 2/13
5/ 5/13

4/30/12
5/17/12
6/14/12
7/18/12
9/16/12

10/ 3/12
11/29/12
12/ 6/12
12/13/12
1/24/13
1/30/13
2/ 2/13

1,380,000
1,480,000
1,800,000
1,280,000
1,200,000
3,000,000
3,100,000
3,200,000
1.600,000
2,000.000
2.900,000
2,800.000
3,000,000
2,120,000
2,400,000

890,000

1,000,000
900.000
900,000
800,000

1,700,000
2,400,000
2.000,000
1,900.000

1,760,000
2,050,000
2,100,000
2,200.000
1,600,000
1,800,000

4,000,000
3,600,000
3.680.000
3.700,000
3,800,000
3,500,000
3,500,000
3,000,000
2,500,000
1,000,000

800,000
750,000

35
35
40
40
33
60
60
 ; 5
48
60
70
70
75
55
60
25

20
25
25
25
35
50
40
45

40
55
55
55
45
50

75
60
65
72
75
65
55
69
75
20
15
20

1.3
1.2
1.1
1.6
1.4
1.0
0.96
1.0
1.5
1.5
1.2
1.2
1.2
1.3
1.2
1.3

0.»
1.2
1.2
1.9
0.9
0.9
0.9
1.0

1.1
1.3
1.3
1.2
1.4
1.3

0.90
0.83
0.88
0.97
0.98
0.92
0.80
1.1
1.5
1.0
1.0
1.3

3,300
6,300
4,900
3,600

3,800
3,600
6,000

4,500

4,600

1,300

10,000
5,000
9,000
4,800
4,500

3,200
3.000
4,600
4,200
4,500

4,800

5,000
4,500
6,640
2,100
3,400
4,200
5.500
8,000
5,800
1,400
3.500
2,100

58
69
59
4 6

48
52

64

62

6S

2 S

48
50
65

62
58

-10

52
60
64
68

70

74
60
04
70
(¡0
58
60
6-1
66
in
51
37

42
31
4 0
52

52
4 6

33

37

.'12

50
47
35

34
41

52

47
38
34
32

27

26
3 S
36
30
39
41
-10
36
32
51
48
62

2.3
5.0
3.3
1.6
0.9
1.0
3.5
4.0

5.Ó
6.0
5.0
2.0
1.0
0.76

14.0
10.0
12.0

6.0
5.0

2.1

10.0
11.0
10.0
8.0
5.0
4.0

4.2

3.Ò
6.0
4.0
4.2

0.40 0.28 2' 20"

0.40 0.30

3' 15"

2' 59"

0.38 0.32 2' 10"

0.38 0.28

•24"

2' 37"
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stenosis and régurgitation are present. The right kidney is palpable on deep
inspiration. Examination of a test-meal shows the absence of free hydrochloric
acid, and a total acidity of 10; no blood or lactic acid. The Wassermann reac¬
tion is negative, as is the blood-culture.

This patient remained in the hospital for a little over two weeks. She was

apparently comfortable and wanted to return to her own home and resume her
housework. Although the reticulated erythrocytes were present in such large
percentages and indicated an active marrow, there were surprisingly few nucleated
red cells. The erythrocytic picture was typically that of pernicious anemia
( Chart 5 ). The constancy of the red blood-cell count showed that the regenera¬
tion was taking care of the cell destruction. The resistance of the red blood-
cells to hypotonie salt solutions was increased, for hemolysis did not begin until
a dilution of 0.38 per cent, was reached, and to cause complete hemolysis a

solution of 0.32 per cent, was required.
Case 6.—History.—Miss C, a nursemaid, aged 43, was admitted to the service

of Dr. S. W. Lambert. Beginning in September, 1911, the patient had a severe
attack of diarrhea, which lasted six weeks. She had as many as fifteen movements
a day. The stools contained both blood and mucus. Immediately following this
she had palpitation of the heart on exertion, and was very nervous and easily
excited. She was admitted to the hospital April 29, 1912, with a swelling on the
front of the neck. She complained of loss of weight in spite of her good appetite.
She also had marked polyuria. The superior thyroid arteries were ligatured, and
while it was thought that there was improvement, the edema of the feet, nervous¬

ness, pain in the back and the weakness did not disappear. She remained in the
medical wards from Sept. 16, 1912, to Dec. 21, 1912, having been transferred there
from the surgical division. She was discharged on December 21 as improved. On
Jan. 24, 1913, she was again admitted to the medical service, complaining of a

"noise in the ears, nausea and weakness." Dyspnea was present on exertion, but
no cough. For two weeks prior to admission she had been annoyed by a buzzing
in the head that seemed to start in the ear and radiate toward the neck. She was

very nervous, but had no sweating. The increasing weakness was becoming more
and more noticeable.

Examination.—The patient is poorly nourished, acutely ill and looks "nervous."
The skin is jaundiced. The eyes show slight exophthalmos, the sclerae have an

icteroid tint, but the other eye-signs of Graves' disease are absent. There is
a fulness in the thyroid region on palpation. A blowing systolic murmur is
present in the gland. The lungs are clear. The heart is normal in outline, regu¬
lar, forcible and rapid. All the signs of mitral régurgitation are present. Over
the precordial area, and especially in the second left interspace, a to-and-fro
friction rub is heard. There is edema of the lower extremities, especially on stand¬
ing. In the right retina there were three fresh hemorrhages. The Wassermann
reaction and two blood-cultures are negative.

Course.—The patient had constant fever, between 99 and 102 F. At first the
diagnosis was somewhat in doubt; but a careful study of the blood showed that
the anemia was of the pernicious type. The reticulated erythrocytes were never

higher than 6 per cent. (Chart 6), and with the extreme degree of anemia the
prognosis was considered bad. In this case also the resistance of the red blood-
cells was increased and the coagulation time was much prolonged. The patient
grew gradually weaker and died before a donor for transfusion could be
obtained.

A summary of the findings in the six cases is given in the accompanying table.

GENERAL CONSIDERATIONS

It is unfortunately still true that any discussion of the treatment of
pernicious anemia must be prefaced by the statement that the disease is
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an incurable one, and that the instances in which complete recovery is
alleged as having followed some particular method of treatment, are to
be regarded as explicable either on the ground of faulty diagnosis or

insufficient observation. Nor is this altogether astonishing in view of
the vagueness of our notions concerning the real nature of the malady.
In dealing with other, secondary, forms of anemia, the conditions are

different, for we are able to train our therapeutic efforts in two directions,
first, toward removing the underlying cause of the trouble, and, second,
toward influencing the regenerative functions of the blood-forming
tissues. In the case of pernicious anemia, however, our ignorance of its
etiology converts all our attempts at causal therapy into the purest
empiricism (leaving out of account the mooted cases of bothriocephalus,
syphilitic and puerperal pernicious anemia), and impels us to the con¬

clusion that for the present we shall accomplish most by endeavoring to
stimulate the flagging hematopoietic energies of the bone-marrow.

Of the many measures having this object in view, transfusion of blood
in one form or another seems to offer particularly promising possibilities,
and the highly encouraging results reported by many clinicians (as for
example, Bovaird,3 Hürter,* Hansen,5 Weber,6 Morawitz,7 Sachs,8 Gulland
and Goodall,0 etc.) more than justify a wider application of the
procedure.

Hürter believes in transfusing early and always recommends the
operation just as soon as the blood-picture ceases to show evidence of
active regeneration. Undoubtedly, some portions of the bone-marrow
retain their functional capacity longer than others, but if the delay is too
great these also lapse into a state of inertia from which they cannot be
aroused, even by the penetrating stimulus of the hemopoietins in the
transferred blood.

The history of transfusion is a long one, and those who are interested
in its details will find them set forth in an excellent article on the subject
by Werner Schultz,10 which gives also a complete bibliography up to 1910.
That it did not require the era of vascular surgery to popularize the
measure, is shown by the fact that in 1875, Landois11 was able to collect
from the literature records of 347 transfusions from one human being
to another. At about this period the same great physiologist, together

3. Bovaird: Med. Ree, 1911, lxxxi, 239.
4. Hürter: Med. Klin., 1911, Beiheft, No. 12.
5. Hansen: Verhandl. d. deutsch. Kong. f. inn. Med., 1911, p. 141.
6. Weber: Deutsch. Arch. f. klin. Med., 1909. xcvii, 165.
7. Morawitz: München, med. Wchnschr., 1907, liv, 767.
8. Sachs : Ztschr. f. Geburtsh. u. Gynäk., 1909, Ixiv, 336.
9. Gulland and Goodall: The Blood, New York, E. B. Treat & Co., 1912, p. 133.

10. Schultz, Werner: In Grawitz: Klinische Pathologie des Blutes, Leipsic,
1911, p. 381.

11. Landois: Transfusion des Blutes, Leipsic, 1875.
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with Ponfick,12 Panum13 and others, established the fact that transfusion
with animal blood which previously had been widely resorted to, was

dangerous, and that clinically only human blood could safely be used.
Later the question arose as to whether whole blood or defibrinated blood
should be employed, and this has been made the subject of extensive
discussion and difference of opinion. Many of the German authors still
prefer to inject defibrinated blood, regarding the greater ease of working
with it as offsetting the danger of introducing the deleterious substances
shown to be present by Köhler,14 Edelberg,15 Schultz16 and others. Later
work by Morawitz,17 Fuld18 and Moldovan19 has proved that these hazards
may largely be avoided by allowing the defibrinated blood to stand from
one-half to one hour before injecting, for under these conditions the
injurious bodies produced during the act of defibrination become altered
into harmless modifications. Morawitz7 and Schultz10' 1ß·20 were also
able to show that the greatest danger to be provided against was the
presence of untoward bodies of the nature of iso-agglutinins or iso-
hemolysins in the two bloods, and that, therefore, no transfusion should
be done unless the corpuscles and serum of the donor and recipient had
first been tested reciprocally. In this connection it is worth nothing that
Hopkins21 has reported a case in which, although the cells of the donor
were only slightly agglutinated by the recipient's serum, smears made
immediately after the transfusion showed extensive destruction of the
donor's cells by phagocytes from the recipient. Curtis and David22 after
experimental work on dogs do not consider defibrinated blood suitable
for human transfusion, and Pike, Guthrie, and Stewart23 have found that
on standing a number of hours, defibrinated blood undergoes alterations
affecting the corpuscles and impairing its nutritive and bactericidal
qualities.

Further evidence of the changes occurring in defibrinated or clotted
blood is offered by the work of Stevens and Lee,24 O'Connor,25 Brodie.26
Sollmann,27 and Stewart and Harvey28 on the differences in the pressoi·

12. Ponfick: Virchows Arch. f. path. Anat., 1875, lxii, 273.
13. Panum: Virchows Arch. f. path. Anat., 1863, xxvii, 240.
14. Köhler: Inaug. Diss., Dorpat, 1877.
15. Edelberg: Arch. f. exper. Path., 1880, xii, 283.
16. Schultz: Deutsch. Arch. f. klin. Med., 1905, lxxxiv, 541.
17. Morawitz; : Ergebn. d. Physiol., 1905, iv, 307.
18. Fuld: Zentralbl. f. Physiol., 1903, xvii, 529.
19. Moldovan: Deutsch, med. Wchnschr., 1010, xxxvi, 2422.
20. Schultz: Beri. klin. Wchnschr., 1910, xlvi, 1407.
21. Hopkins: The Archives Int. Med., 1910, vi, 270.
22. Curtis and David: Surg., Gynec. and Obstet., 1912, xv, 476.
23. Pike, Guthrie and Stewart: Jour. Exper. Med., 1908, x, 371.
24. Stevens and Lee: Bull. Biol. Lab., Johns Hopkins Univ., 1884.
25. O'Connor: Arch. f. exper. Path., 1912, lxvii, 195.
26. Brodie: Jour. Physiol., 1900, xxvi, 48.
27. Sollmann: Am. Jour. Physiol., 1905, xiii, 291.
28. Stewart and Harvey: Jour. Exper. Med., 1912, xvi, 103.
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substances in blood before and after defibrination or clotting. Clinical
observation confirms this and various authors, such as Hürter, state that
the therapeutic effects of whole blood are distinctly better than those
following the use of defibrinated blood.

While the development of the art of vascular surgery to its present
high degree, including as it does the possibility of transferring absolutely
fresh and, as far as we know, unaltered blood from one individual to
another, would appear to make all further consideration of the use of
defibrinated blood unnecessary, it must be admitted that from the stand¬
point of the clinician, these surgical transfusions are still far from ideal.
In spite of the various highly ingenious devices that have been suggested
for facilitating the operation, it is usually time-consuming, except in
the hands of particularly skilful operators, and is a considerable ordeal
to both donor and recipient. This fact, together with the sacrifice of a

vessel which is entailed, makes donors difficult to find and causes them
to hesitate about serving a second time; but the most serious drawback
lies in the difficulty of estimating the amount of blood transferred.
Counting the recipient's cells and determining the amount of hemoglobin
at regular intervals, during the transfusion, should never be omitted, but
this is at best only a halting method of gauging the blood-flow.

Both our own observations and those of others lead to the conclusion
that more is to be expected from small transfusions repeated at rather
frequent intervals, than from a single one of large amount (Weber,6
Henrot,29 Hürter4). There is even a likelihood that, as in the case of
other stimulants, unnecessarily large doses of blood may actually be
injurious, and as it were, overwhelm the last flicker of regenerative
activity still persisting in the marrow. Or, there is also the possibility
that the abrupt change from a state of extreme blood-poverty to one in
which there is a great profusion of vigorously functionating cells, by
relieving the bone-marrow from the insistent demands to which it has
long become habituated, allows it to subside into a condition of hopeless
inactivity.

Several possibilities suggest themselves in explanation of the effect
of the transfusion. Either the transferred blood is functionally active
directly as a transplanted tissue, and its value, therefore, is proportionate
to the length of time its elements remain intact, or it is conceivable that
it may have an antitoxic action on the etiologieal factor of the disease.
Turk,30 for example, believes that the new blood, being less resistant than
the patient's cells, combines with some putative hemolytic principle
present, and so by temporarily protecting the bone-marrow, allows it

29. Henrot: Bull, de l'Acad. d. méd., Paris, 1913, lxxvi, 38.
30. Turk: Vorlesungen über klinische Hämatologie, Vienna, 1912, ii, part 2,

p. 701.
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opportunity to restore some of the lost cells. In the opinion of most
authors, however, the transferred blood acts as a stimulant, especially to
the blood-forming organs, and at least for a time, revives the power of
blood regeneration.

Carnot31 attempted to increase the effect of these stimulating bodies
or hemopoietins by using blood from animals that shortly before had
been subjected to a venesection, but while there seems to be some experi¬
mental basis for believing that this is possible, further work by Gibelli32
and by Larrabee33 has shown that the procedure offers little hope of being
valuable clinically. The same thing is true of the efforts of Courmont
and André,34 and other French workers, to obtain increased stimulation
of hematopoiesis by administering small doses of hemolytic serums. In
this connection it is of interest to note that Walter35 has reported a case
of pernicious anemia treated effectively by repeated injections of blood
taken from a patient with polycythemia.

Although, of course, it is perfectly possible and even probable that
the benefit following transfusion is more or less a composite of all these
factors, it seems most likely

—

and this opinion is shared by most
writers on the subject

—

that it is the stimulation of the bone-marrow
that is chiefly effective.

While the transferred cells may serve to tide over a more or less
acute emergency, their life in the new host is certainly too short to
account for the steady rise in red cells that is frequently observed during
a considerable period following the transfusion, and it is hardly con¬
ceivable that this is merely the result of improved nutritional conditions.
The persistence of the new cells has been variously estimated by different
writers, but is generally supposed to be about three or four weeks. Our
own observations, by means of the method of vital staining, incline us to
the view that in most instances they do not last so long, two or three
weeks being the usual period in our cases, and during the latter part of
this time they are so poor in hemoglobin as to be of comparatively little
functional value.

Although some clinicians (Esch,36 Huber,37 Mann38) have had good
results from the subcutaneous or intramuscular injection of defibrinated
blood, this has not been our experience, or that of the majority of writers.
Both from our own observations and from a survey of the literature, the

31. Carnot: Folia haematol., 1909, vii, 75.
32. Gibelli: Arch. f. exper. Path. u. Pharmakol., 1911, lxv, 284.
33. Larrabee: Jour. Med. Res., 1911, xxiv, 345.
34. Courmont and André: Folia haematol., 1904, i, 389.
35. Walter: Med. Klin., 1911, vii, 728.
36. Esch: Deutsch, med. Wchnschr., 1911, xxxvii, 1943.
37. Huber: Deutsch, med. Wchnschr., 1910, xxxvi, 1077, and Verhandl. Deutsch.

kong. f. inn. Med., 1910, xxvii, 147.
38. Mann: Wien. med. Wchnschr., 1911, lxi, 580.
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conclusion seems justified that the optimum effect is to be expected from
the repeated intravenous administration of rather small measured
amounts of undefibrinated blood. The desideratum appears to be the
employment of a method by means of which this can be effected with less
difficulty for all concerned than is the case when a vascular anastomosis
is undertaken, so that the measure may be made more easily applicable
to the conditions of ordinary practice. Over twenty years ago von

Ziemssen30 reported numerous cases in which transfusion was success¬

fully employed by such a method. It consisted in having one operator
thrust a needle through the skin into the vein of the recipient, while
another operator performed the same action on the donor. Three glass
syringes of 25 c.c. capacity were kept constantly in action, one being
filled with blood from the donor, the other being emptied into the vein
of the recipient, while the third was being washed out with sterile salt
solution by a third person before being again applied to the needle in
the donor's vein. By this procedure von Ziemssen was able to transfer
any desired amount of unaltered blood and to measure it accurately.
Moritz,40 in 1911, emphasized the advantages of the method and intro¬
duced some improvements in the technic which facilitated the puncture
of the vein. Still more recently, Lindeman,41 using the same principle,
has devised a set of cannulas by the aid of which even small veins may
easily be entered, and the danger of wounding the intima is reduced,
and has reported thirty-six transfusions done without a mishap, one of
them in a child of seven weeks.

CONCLUSIONS

1. The transfusion of physiologically unaltered blood is one of the
most promising forms of palliative treatment available in pernicious
anemia. The number of cases on record in which a remission of notable
degree and considerable duration has followed immediately on a trans¬
fusion is so great as to make it impossible to regard these results merely
as coincidences. If proper precautions are taken to select a healthy
donor and by the usual tests for isohemolysins and isoagglutinins the
serum and corpuscles of donor and recipient are found mutually con¬

genial, there is no danger, and the measure should be employed earlier
in the disease instead of waiting until the patient is in a desperate
condition.

2. There is evidence in favor of the view that greater judgment and
accuracy are needed in determining the amount of blood to be trans-

39. Von Ziemssen: Deutsch. Arch. f. klin. med., 1902, 1, 491. Verhandl. d.
Deutsch, kong. f. inn. Med., 1892; München, med. Wchnschr., 1894, xli. 349; 1895,
xlii, 301.

40. Moritz: München, med. Wchnschr., 1911, lviii, 393.
41. Lindeman: Am. Jour. Dis. Child., 1913, vi, 28.
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ferred. It is quite possible that too large an amount of transferred blood
may be injurious, and that more benefit is to be expected from small
doses introduced at intervals to be determined by the progress of the
patient.

3. The enumeration of the reticulated cells by means of the method
of vital staining affords a useful means of gauging the hemopoietic
activity of the bone-marrow, and by watching the patient's progress in
this way the indications for and effects of, various therapeutic measures

can be well determined and supervised.
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